Background The aim was to investigate whether multivariate coefficients of serum cholesterol in the prediction of coronary heart disease (CHD) deaths were similar across different cultures in a long-term follow-up. Design Thirteen cohorts for a total of 10 157 men aged 40-59 years at entry, enrolled in seven countries (USA, Finland, the Netherlands, Italy, Serbia, Greece, Japan) were repeatedly examined and followed up for 40 years. Methods Serum cholesterol measured at baseline, and then on repeated occasions, was studied, using multivariate models, in relation with the occurrence of CHD deaths during a 40-year follow-up. Results Homogeneity of multivariate serum cholesterol coefficients was found considering cholesterol levels at baseline, as average of up to three measurements during the first 10 years, as average of up to six measurements in 35 years, using the time-dependent technique with up to three measurements in 10 years, and with up to six measurement in 35 years. Conclusion The strength of the association between serum cholesterol and CHD death seems homogeneous across different cultures characterized by different levels of serum cholesterol and different absolute risk of CHD death. Eur J Cardiovasc Prev Rehabil 15:719-725
Introduction
During decades of cardiovascular epidemiology, many studies have identified the strong association of serum cholesterol with coronary heart disease (CHD) .
An open question is whether the predictive power of this risk factor is similar in different populations characterized by different levels of serum cholesterol and different incidence or death rates from CHD.
A classic review was published in 1990, suggesting that the multivariate coefficients of the major risk factors were relatively similar across different studies [1] . Similar strength of risk factor coefficients across different populations was found by InterHeart Study [2] . More recently, a meta-analysis run by the Prospective Studies Collaboration reported contrasting findings [3] .
Within the Seven Countries Study (SCS) of cardiovascular diseases, the relationship of baseline serum cholesterol levels with CHD events was characterized by similar coefficients, when comparing different cultures along different lengths of follow-up [4] .
At present, 40-year mortality data are available for 13 cohorts in seven countries, for men originally aged 40-59 years. The purpose of this analysis is to establish whether the predictive power of serum cholesterol is similar across different cultures characterized by different rates from CHD deaths, in a long follow-up period.
Material and methods
The SCS entry surveys were conducted between 1957 and 1964, on 12 763 men aged 40-59 years in 16 cohorts of seven countries. Baseline data were collected in the late 1950s and early 1960s, before the era of the Helsinki Declaration. Subsequently, oral informed consent was obtained while collecting follow-up data.
This analysis is restricted to 13 cohorts where the followup for mortality and causes of death could be extended for 40 years. Cohorts were located in the USA (1), Finland (2), the Netherlands (1), Italy (2), Serbia (3), Greece (2), Japan (2). Their characteristics are described elsewhere [4] .
Overall initial participation rate was greater than 90%, with several cohorts reaching close to 100% [4] .
The following risk factors, measured at entry examination, were considered for this analysis:
(a) age, in years, rounded-off to the nearest birthday; (b) smoking habits expressed as prevalence of current smokers; (c) systolic blood pressure, in mmHg, following the technique described by the WHO Cardiovascular Survey Methods Manual [5] ; (d) serum cholesterol, in mmol/l, measured on casual blood samples using the method described by Anderson and Keys [6] .
Subsequent reexamination on survivors was conducted in most cohorts after 5, 10, 25, 30, and 35 years. The schedule of examinations varied by cohort. In particular, for all seven countries, measurements were made at entry, and at 5-year and 10-year follow-up. In the US Railroad cohort, however, the 10-year examination was not run, and in the two Japanese cohorts the 5-year examination was not performed. For the two Finnish cohorts, the Dutch cohort, and the two Italian cohorts, field examinations were also run at years 25, 30, and 35. For the three Serbian cohorts, repeated measurements were available at years 25 and 35, whereas for the Crete cohort in Greece, repeated measurements were available at year 30.
Starting at year 25 of follow-up, cholesterol measurements were no longer centralized, but all laboratories were under quality control with international agencies.
Mortality data through the 40th anniversary after baseline examination were collected systematically by periodic visits to the areas. Causes of death were adjudicated by a single reviewer (A.M.) exploiting information from the official death certificate, the medical history collected from interviewing physicians, relatives of the dead persons and other witnesses, and from abstracts of hospital and other medical records. After 10 years of follow-up in the US Railroad cohort, after 15 years in the Finnish cohorts, and 25 years in the Italian, Greek and Japanese cohorts, only death certificates were made available for the majority of cases. Overall, cases with death certificate only were 49%.
Causes of death were coded using the eigth Revision of the WHO-International Classification of Diseases (ICD) [7] . In case of multiple causes contributing to death, priority was given, in order, to accidents, cancer in advanced stages, coronary heart disease, stroke, and then other conditions. The definition of CHD death was based on operative criteria, that is ICD codes 410-414 and cases of sudden (coronary) death (ICD code 795) validated by the coexistence of a second or third code corresponding to CHD, that is 410-414 and considering other medical information when available.
Small losses to follow-up were recorded in the US, Japanese, Dutch, and Serbian cohorts, but they were minimal considering the many years of observation.
Statistical methods
Patients with an entry diagnosis of CHD were excluded from the analysis. CHD criteria were based on a combination of history and ECG findings following the 'Seven Countries' internal rules [4] . Deaths other than coronary were treated as censored. Cohorts of the same country were pooled. Each of the above models was computed also for the pool of all countries, with the addition of dummy variables identifying the several countries (Finland as reference).
The Cox proportional hazards model [8] has been used for the estimation of coefficients for serum cholesterol, with entry levels of age, systolic blood pressure, and smoking habits as possible confounders. Plots of Schoenfeld residuals on time were produced to test the proportionality of hazard.
The coefficients of serum cholesterol obtained by models in the single countries were compared with each other using a test of heterogeneity [9] , separately for the various models.
Within each country, a test of heterogeneity [9] was made to compare coefficients produced in the several models.
Possible differences in the predictive power of serum cholesterol were also tested producing models that included all the single countries, with the addition of dummy variables for their identification and interaction terms cholesterol-country.
Curves describing the relationship of serum cholesterol levels with CHD deaths were derived for each country for a man aged 50 years, the specific background cumulative hazard and the specific cholesterol coefficient. The extremes of the curves were truncated at levels roughly corresponding to the country-specific 10th and 90th percentile of the proper cholesterol distribution.
Results
Overall coronary heart disease death rates Large differences in CHD death rates were found across cultures (Table 1) , as repeatedly shown in earlier analyses for shorter follow-up periods [4] . The highest rates were located in Northern America and Northern Europe, the lowest in Southern Europe and Japan, with the exception of Serbia that can be assigned to Eastern Europe and shows rates comparable with those of Northern Europe.
All-cause death rates followed a slightly different pattern. Average baseline serum cholesterol levels were largely different across countries, again as shown repeatedly in the past [4] .
Predictive models
In Table 2 , multivariate coefficients of serum cholesterol are reported for each country (and for their pool) and for the five combinations of serum cholesterol measurements, as derived from the corresponding models predicting CHD deaths in 40 years. All coefficients were statistically significant except those of Japan. In general, the magnitude of coefficients was larger for the average of two-three cholesterol measurements compared with a single measurement, and even more for the average of four-six measurements. Models following the timedependent technique did not provide larger coefficients for cholesterol compared with those using the average serum cholesterol levels in multiple measurements. Within each model, tests of heterogeneity across countries were never statistically significant suggesting a relative homogeneity of coefficients.
None of the tests of heterogeneity comparing coefficients of different models within each country was significant, except for Finland.
A test of heterogeneity comparing models computed on the pool of countries proved to be statistically significant (P < 0.001), suggesting that the different combinations of cholesterol measurements produced different coefficients, usually larger for the average of up to six measurements and for the time-dependent approach, again with up to six measurements. Plots of the Schoenfeld residual on time did not show significant trends except for slight negative trends in Greece and Japan. Figure 1 provides examples of the relationship of serum cholesterol with CHD mortality in 40 years, when cholesterol measurement was taken at entry only, and up to three times. In general, curves were almost parallel across different countries.
Five multivariate models were solved for the pool of all countries that included interaction terms between serum cholesterol and countries. The interaction terms choles-terol-country produced nonsignificant coefficients in all models except one (Serbia, time-dependent model with up to six measurements).
Discussion
All findings described above point to the same conclusion, that is, a substantial homogeneity of multivariate cholesterol coefficients across different cultures, or at least an absence of statistically significant heterogeneity. In other words, it seems that a general biological rule regulates the association of serum cholesterol levels with the occurrence of fatal CHD events. The consequence is Test of heterogeneity for different models within each country: all not significant except for Finland (P < 0.001). CHD, coronary heart disease; CI, confidence interval. that, in all the considered cultures, the same increase in CHD death risk is expected for a given increase in serum cholesterol level. The partial exception of the Japanese cohorts might be interpreted in relation with the small numbers involved in the denominator and in the event rates. In fact, the relationship of serum cholesterol with CHD mortality was found positive and strong in the Eastern Asian populations examined in a recent metaanalysis that also included a Japanese component [3] .
In general, a single measurement of serum cholesterol made at entry examination is less predictive than other combinations, such as an average of up to three, or up to six measurements, or the use of the time-dependent approach where the latest available measurement is considered. The simple approach using the average of multiple measurements takes into account the effect of changes in cholesterol levels during the long follow-up period, beyond the measurement errors and the effect of regression towards the mean.
Little difference is, however, found between models using baseline cholesterol only and time-dependent models using up to three measurements, because in the latter models most of the follow-up and a large majority of the events took place when the single third cholesterol measurement is used alone. The benefit of using the average of cholesterol measurements is obvious as it somehow reflects the time of exposure. The similarity of the six measurement's average model and the timedependent models suggests that it is the long-term (tens of years) cholesterol rather than the immediate (less than 5 years) cholesterol value that matters. An alternative explanation is that they are the same persons who had a high cholesterol and the same persons who had low cholesterol throughout the follow-up period, in which case the two models becomes similar.
The average cholesterol levels have been changing during the follow-up with different directions and magnitudes across the various countries, as documented elsewhere [4] .
In general, it seems that more measurements of the same countries do change the coefficients and that the change is consistent among the countries, although these improvements are not statistically significant (except in the pooled analysis).
The curves describing the relationship of serum cholesterol with the risk of CHD death clearly show that, although being almost parallel, more or less, large gaps do exist among them. This means that the absolute risk of fatal CHD can be largely different among countries although the relative risk for the same difference in serum cholesterol is the same. In fact, CHD death rates for Italy, Greece, and Japan were definitely lower than those of the other countries, ecologically explained by large differences in dietary habits [4] .
Limitations of this analysis are the use of slightly heterogeneous methodologies, such as the biochemical methods of cholesterol measurements at different times, the discrepancies in the number of available measurements across countries, and the fact that only half of the causes of deaths were validated by sources of information other than the death certificate.
Another problem is the treatment of those who died early using more than one cholesterol measurement. The fact is that the average cholesterol was intended as the best estimate of the time exposure. Those who died early had, consequently, fewer measurements to contribute to the average.
Again, caution should be expressed in comparing coefficients belonging to the same country and derived from different combinations of cholesterol measurements as they could be highly correlated to each other. In contrast, we can relay only on the magnitude of the coefficients that represent their predictive power.
Moreover, the validity of the proportional hazards assumption was confirmed, although not in all models. This is also in line with earlier seven countries analyses where, in a follow-up of 35 years, the partitioned approach showed that baseline cholesterol measurement kept a strong predictive power in successive quinquennia for at least the first 30 years [10] . This confirms that the concept of cholesterol/life years, corresponding to the time lag theory proposed for the French paradox [11] , is an explanation for the long-term predictive power of older measurements.
The suggestion that multivariate coefficients of risk factors and serum cholesterol, in particular, are similar in different cultures was given by a review of several studies made in the year 1990 [1] . Caution was, however, expressed as different studies may use different methodologies, thus impairing the value of the comparison.
More recently, the InterHeart, an international metacentre study on risk factors and myocardial infarction, showed that across different groups of countries the predictive power of several risk factors were similar [2] . This was a case-control with possible inherent bias, and the comparison across countries was made for the ratio of apoB/apoA1 ratio, which is only a proxi of cholesterol. Moreover, a specific test on possible heterogeneity of coefficient was not provided. Two other international studies showed similar multivariate coefficients for serum cholesterol across different countries or groups of countries [12, 13] .
A recent meta-analysis of cholesterol and vascular diseases considered the problem of heterogeneity in different countries and studies [3] . Heterogeneity of the association between cholesterol and CHD death was found when considering the 61 studies contributing to the meta-analysis, and this was confirmed even after the exclusion of some outliers based on several criteria. Heterogeneity was, however, not found when studies were grouped by large geographical entities, such as Europe, USA and Australia, and East Asia. Probably these conflicting findings are attributable to different methodologies and approaches that could not be taken into proper account in the meta-analytical procedure.
In conclusion, long-term data from the SCS suggest the existence of substantial homogeneity, across different cultures, in the relationship between cholesterol levels and the risk of fatal CHD despite differences in absolute risk. This means that relative risk for a given difference in serum cholesterol level is similar across cultures. Differences in absolute risks for CHD death are bound not only to cholesterol, but also to other risk factors and cultural differences.
